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FOREWORD
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final editing on 30 “lovember 1972,

The animals involved in this study were maintained in accordance
with the "Guide for Laboratory 4nimal Facilities and Care” as nublished
by the National Academy of Sciences--National Research Council.

The author gratefully acknowledges assistance from the following
sources at the USAF School of Aerospace Medicine (SA¥): for their
participation and professional support, Mr. J. C. Mitchell, Dr. ). ',
Frazer, Major C. H. Bonney, Captain G. E. Ford, and &irman P, L. Rustan;
for their surgical aid and animal care during these experiments, the
members of the USAFSAM Veterinary Sciences Division--and, in particuiar,
Captain C. A. Rawlings, “ajor ¥, H, Pryor, Jr., and Captain D. K. Obeck.

Appreciation is also expressed to: Mr, Mark Grove, for his pro-
fessional and technical support in the experiments perfcermea at the
microwave exposure facilities of the Waiter Reed Army Institute of
Research; and to Messrs. E. Z. Donaldson, J, C. Toler, and B. 't. Jenkins,
for their technical support during experiments at the fieorgia Institute
of Technology Experiment Station,

This report has been revieved and is approved.

EVAR R, GOL , Colonel, USAF, MC
Commander

ii




T T T T e
» ¥ > G >
oy = I T S

Unclassified

Secunty Classification

Rk -'!'-!q

DOCUMENT CONTROL DATA-R&D

(Secursty r1assification of title, body of sbstract and indexing annolstion must be entersd when she overall report is claseifled)

I OMIGINA TING AC T1VITY (Cory orafe suthor) 28. REFPORT SECURITY CLASSIFICATION

USAF Schooi of Aertspace Medicine Unotassified

Aerospace Medical Division (AFSC) 26 cro e
Brooks Air Force Base, Texas 78235

3 METORT TITLE

CARDIAC PACEMAKER ELECTROMAGNETIC INTERFERENCE (3050 Miz)

4 DESCRIPYIVE NOTES [ Type of report and inclusive detes)

Now 1971 - Mar. 1972

8 AUTHORIS) (First name, micddie initial. last name)

¥illiam D, Hurt

6 REPORTY DATE

78. TOTAL NO OF P"-GES . NO OF REFS
December 1972 35~ () None

88 CONTRACY OR GRANT NO 8. ORIGINATOR'S REPORT NUMBER(S)

b. PROJECT NO T757 SF.M—TR~72-36
c. Task No. ~01 *b. g::q’:';o:fponr NO(S) (Any other numbers that msy be aseigned
¢ Work Unit No. =24

12 OISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

11 SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIiVITY

USAF School of Aerospace Medicine
ferospace Med*cal Division (AFSC)
| Brocks Air Force Base, Texas 78235

13 ABSTRACTY

ly monito ed for varicus exposure conditions.

pacemnaker exhibited no cffects from [MI throughout these tests.

Tests were performed to determine the effect of 3350 MHz radio-freauency radiation
on cardiac pacemakers, Five pacemaker models were implanted in larae decgs and tested
in each of two laboratories. The electrocardiographs of each animal were continuous-

Most of the pacemakers exhibited some electromagnetic radiation interference (EI)
under certain conditions of these tests., The most sensitive unit, of those tested,
cut off at ~100 V./m. at pulse repetition frequencies less than 35 pps--while one

DD %1473 Unclassified

H- C-

Seennty (10 1 a4t A




Unclassified

Security Classification

I'u.

KEY WORDS

LiNK A LINK & LINK C

ROLE

wT ROLE wT ROLE L Ad

Cardiac pacemakers
Electromagnetic interference

Microwave radiation

QU —

), -b Unclassified

Security Classification




—

bpm
on,
4
EC6
E-field
Ml
2
GIT
Hz
kg.
kHz
MHz
usec.
msec.
™,
nps
prf
V./m,
WRMR

PR AR

ABBREVIATIONS

beats per minute

centimeter(s)

continuous wave
electrocardioqraph

electric field (V./m.)
electromagnetic radiation interference
frequency modulation

Georgia Institute of Technology
Hertz

kilogram(s)

kilohertz

meganertz

microsecond(s)

millisecond(s)

milliwatt(s)

pulse(s) ner second

pulse repetition frequency (rate)
volts per meter

Ylalter Reed Army Institute of Pesearch

Preceding page blank iv




r T

CARDIAC PACEMAKER ELECTROMAGNETIC INTERFERENCE (3050 “Mz)

I. TNTRODUCTION

To assess the effects of radio-frequency electromagnetic radiation
on cardiac pacemakers, a series of tests are being performed at the LSAF
School of Aerostace Medicine (SAM), This report describes results ob-
tained at two different test sites: the U.S. Army “Yalter Reed Armv
Institute of Research (WRAIR) Microwave Laboratory, Silver Sprinas,
Maryland; and the Georgia Institute of Techncloay (GIT) Engineering
Experiment Station, Atlanta, Georgia,

For tests conducted at the 3050 !iHz frequency, each of five pace-
makers vas implanted in anesthetized dogs weighina 18 - 20 kg., respective-
ly. As part of the surgical implant procedure, an amount of 10% buffered
formalin solution adequate to produce a total atrioventricular block was
injected in the bundle of His. MNo tests were conducted during the 2 weeks
after surgery.

For the tests performed at GIT, the 3050 MHz microwave radiation
signal was square-wave modulated with a 125 ysec, puise width, The
pulse repetition frequency (prf) was continuously variahle from 13 - 400
pulses per second {ops), and the maximum field strength ohtained was
365 volts per meter (V./m.) The exposures were conducted in an anechoic
chamber energized by a circularly rolarized log spiral antenna,

At WRAIR, the exposure characteristics included continuous wave
(C4), sine wave half-wave rectified, and square-wave modulated sianals.
The only prf used for the nalf-wave rectification mode was 120 Hz., How-
ever, many different nulse width and repetition rate combinations were
investigated in the study of the square-wave modulation effects. These
exposures were conducted in an anechoic chamber energized by a pyramidal
horn, and the maximum field strength obtained was 400 V,/m.,

I1. TEST PROCEDURE

Immediately before the tests, 15 ma. nromazine were administered
I.M, to the respective animal and, 15 min, later, 100 m7, sodium nento-
barbital 1.V, Then electrocardioqraphic (ECG) silver disk electrodes
were attached with paste to the thorax, and the animal was placed on a
styrofoam nedestal in the far-field resion of the chamber and on the
center line of the radiating device, Acquisition of the EC5 sianal from
each doq was accomplished with a frequency modulatea (FM) telemetrv svs-
tem desiqned and fabricated by the Test and tvaluaticrn Section, "edical
Systems Givision, USAFSAM, The ECG sijnal was obtaiied bv usinn the
classic chest lead 11, and was amplified in the telematrv transmitter
pacihasc by an electrncardiogranhic amnlifier (Mennen-Greatb: +-h model
621). The amplifier output was used to modulate tne freauency of 4
field effect transistor radio-fraquency oscillator operatina at ~115 'z,




Tre oscillator output was inductively coupled to a nuarter-wave rod an-
tenna. To minimize degracdation of the ECG signal by the microwave fiesid,
the input, amplifier, and RF nscillator sections of the transmitter were
isolated by using electrostatic shields; and all interconnecting wires
were passed through shields in bynass capacitors or EMI Tilters. The
bandpass of the ECG modulating signal was approximately 0.1 - 90 Hz.

A type J01A receiver (Communications £lectronics, Inc.), which was
used to receive the FM signal, tunes from 30 - 300 MHz with a bandvidth
of 300 kHz. The video output section was modified to provide a 1w fre-
quency ECG signal. The receiver video output was fed to a spectrum
analog filter (tyne iH-42D), which was set up as a low pass filter with
a high frequency cutoff of about 100 Hz. The filter output was carried
to a Brush strip-chart recorder.

TII, TEST RESULTS

In the test results {tables '-XII}* are indicated the follmwing
effects on tiie pacemakers at the indicated power densities and electric
field (E-field) strengths, and for the parameters specified:

No apparent chanqge in rate

Intermittent rhythm and rate changes

Fixed rate

Steady rate between 50 and 120 beats per min, (bpm)
Rate more than 120 bpm

Rate iess than 50 bnm

Cutoff (inhibition)

The general findinqs for the respective pacemakers at test freauencv
3050 MHz are summarized in the following oaraaraphs,

“edtronic 5842

This unit was not affected by 3050 "Hz ! fields up to 369 v, /M,

1t was, however, qenerally affected by the square-wave mndulated sinnal

at field strenqths of approximately 100 V./m. for transmitter nrf values
from 400 - 18 nps. The unit reverted from a baseiine rate of 68 bpm to

a fixed rate of 54 bpm for orf values qreater than anproximatelv 25 - 35
nps, and was cut off for the repetition rates which were 1awer. Little

if any change occurred in EM sensitivity as the pulse width was varied

over the range 3 usec. - 5 msec.

Neneral Electric A29720

This nacemaker was unaffected bv the exposure conditions used in
these tests.

*Editor's Note: A1l tebles ure arouped at the close of this rerort,
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American Optical 281013 (“on..nolar)

This unit was not affectecd in the GIT exposures; but, during tests
at YRAIP, the pacer exhibited a gradual decrease in rate from 54 bpm
(baseline rate) to 42 bpm for the CM exposure. For a prf of 120 nps and
a oulse width of 5 msec., the baseline rate of 54 bpm graduallv increased
to a maximum of 72 bpm as the E-field was increased. As the pulse width
was decreased from 5 msec, to 3 usec. at a prf of 12) nps and a field
strength of 360 V./m., the pacer rate gradually decreased from 72 bpm
to its preexposure rate of 54 bpm,

Cordis Stanicor

The operation of this pacemaker was not affected bv (Y exnosure for
fields up to 350 Y./m. For the pulsed mode, however, the unit cenerally
reverted to its fixed rate for field strength values of approximatelv
200 V. /m,

Cordis Atricor

As the transmitter nrf was decreased from 430 - 18 pps while 360 VY, /m.
was maintained, this pacer qradualiy changed from its norral rate of 60 bom
up to 130 bom. This change we3 noted both at GIT for a nuise width of 125
usec. and at ARAIR for a 1.5 msec. pulse width. The unit also aradually
increased in rate from 60 to 1CD bpm as the pulse width was decreased from
5 msec. to 3 usec. while maintaining the orf at 129 nps ana field strerath
at 360 V./m. For repetition rates cf 35 and 18 rps at 517, the nacer
reverted to the higher rate of 130 bpm for field str=agths aqreater than
300 V. /m,

IV, CONCLUSINNS

Although tnese empirical results are based on sinqle test samnles,
they demonstrate the importance of prf in assessine the [''1 nf cardiac
pacemakers operating in the demand mode., The pacemakers (vhic. are
commercially available) in tne tests were chosen from those most commonly
used in 1371. 1in qgeneral, after an E-field threshold level nf suscenti-
bility has been established, the effect (i.e., either reversion to fixed
rate or complete cutn€f) apnears orimarily dependent on the transmitter
or EMI nrf, At nulse rates 7jreater than ~35 nps, those pacemakers
affected generally reverted to “he'r fixed rate. [f the nulse rate
was less than ~35 pps, the pacemaker generally cut off,




TABLE I

Ef‘ects on pacemakers tested at 3¢50 MHz, 400 pps, and 120 ysec. pulse

width (Georgia Institute of Technology)

Pa-emaker Effects mw./cm? (V./m.)
Medtronic No apparent chenge in rate 0-0.11 (95)
5842 Cutoff (inhibition) 0.11 (95) - 17 (265)
Goaneral W A
Zlectric
A2072D
> No apparent change in rate & 0 -17 (365)
Anerican
Optical
281013
4 J
Cordis No apparent chance in rate 0 -0.49 (197)
Stanicor Cuteff (inhibition) 0.49 (197) - 0.50 (198)
Fixed rate C.50 (198) - 17 (365)
Cord'is No apvarent change in rate 0-17 (365)
Atricor

Lavanciid
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TABLE II

Effects or. pacemakers tested at 3050 MHz, 365 V./m., and 125'usec. pulse
width (Georgia Institute of Technology)*

Pacemaker Effects prf (in pps)
Medtronic Fixed rate 400 - 27
5842 Cutoff (inhibition) 27 - 18 (95 V./m.)
General 3N
Electric Mo apparent change in rate
A2072D
Americarn
Optical No apparent change in rate
281013 > 400 -18
COl’dlS. Fixed rate
Stanicor
Cordis Steady rate between 50 and
Atricor 120 bpmt

* Transmitter prf was gradually decreased from 400 - 18 pps while E-field

was maintained at a high level (365 V./m.) through this test.

T Pacemaker rate gradually increased from 60 - 96 bpm.
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TABLE III

Effects on pacemakers tested at 3050 MHz, 18 pps, and 125,Jgsec. pulse
width (Georgia Institute of Technology)

Pacemaker Effects mw./cm. 2 (V./m.)
Medtronic No apparent change in rate 0 - 0.0054 (95)

5842 Cutoff (inhibition) 0.0054 (95) - 0.79 (365)
American

Optical No apparent change in rate 0-0.79 (365)

281013
Cordis No apparent change in rate 0-0.017 (170)

Stanicor Fixed rate 0.017 (170) - 0.79 (365)
Cordi No apparent change in rate 0 -0.54 (300)

orails t te b o

Atricor Steady rate bet\veen 50 and 0.54 (300) - 0.79 (365)

120 bpm




TABLE IV

Effects on pacemakers tested at 3050 MHz, 35 pps, and 125 ’hsec. pulse

widtn (Georgia Institute of Technology)

Pacemaker

Effects

mw./cm. 2 (V./m.)

Medtronic
5842

Gerneral
; Electric
A2072D

American
Onptical
281013

Cordis
Stanicor

Cordis
Atricor

3

J

No apparent change in rate
Fixed rate

No apparent change in rate

No apparent change in rate
Cutoff (inhibition)
Fixed rate

No apparent change in rate
Steady rate between 50 and
120 bpm

0 - 0.0082 (84)
0.0082 (84) - 1.5 (365)

0-1.5(365)

0 -0.031 (164)
0.031 (164) - 0.032 (166)
0.032 (166) - 1.5 (365)

0 - 0.91 (280)
0.91 (280) - 1.5 (365)




TABLE V

Effects on pacemakers tested at 3050 MHz, CW
(Walter Reed Army Institute of Research)

Pacemaker Effects mw./cm.2 (V./m.)

M~dtronic )
5842

>  No apparent change in rate } 0 - 35 (360)

General
Electric
A2072D J

American
Optical Rate less than 50 bpm* 0 - 32 (350)

281013

Cordis

Stanicor
No apparent change in rate 0 - 32 (350)

Cordis
Atricor

* Pacemaker rate gradually decreased from 54 - 42 bpm.

N




TABLE VI

Effects on pacemakers tested at 3050 #Hz and 120 Hz sine wave, half-wave

rectification (Walter "e~.d Army Institute of Research)

acemaker Effects mw./cm. 2 vV./m.)
Cordis Steady rate between 50 and .
Stanicor 120 bpm* 0 - 11 (360)
Cordis h
Atricor No apparent change in rate 0 -2 (310)

* Pacemaker rate gradually increased from 68 - 75 bpm.
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TABLE VII

Effects or_pecemakers tested at 3050 MHz ami 120 pps, square wave
(Walter Reed Army Institute of Research)

Pacemaker Effects mw./cm.2 (V./m.)
Medtronic No apparent change in rate 0-1.7 (110)
5842 Fixed rate 1.7 (110) - 16 (350)
) No apparent change in rate 0 -1 (90)
"‘;’;’5‘“‘1’3 Cutoff (inhibition) 1 (90) - 5 (190)
Fixed rate € (190) - 16 (350}
General
Electric No apparent change in rate 0 - 19 (380)
A207°D
American
Optical Steady rat:: between 50 and ¢ - 16 (350)
281013 120 bpm
Cordis Steady rate between 50 and
Stanicor 120 bpmt 0 -15 (340)
Cordi
X;il:or No apparent change in rate 0-16 (359)

* Pacemaker rate gradually increased from 54 - 72 bpm.

t Pacemaker rate gradualiy increased from 68 -~ 75 bpm.
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TABLE VLI

Effects on pacemakers tested at 3050 MHz, 360

pps, and 3 gsec. pulse width

- {Walter Reed Army Inscitute of Research)

Pacemaker Effects

mw./cm. 2 (v./m.)

Medtronic
5842

American
Optical
281013 > No apparent change in rate

Cordis
Stanicor

Cordis
( Atricor

0 -0.03 (320)

0 -0.01 (180)

0-0.03 {320)

0 - 6.05 (410)

n




TABLE IX

Effects on pacemakers tested at 3050 MHz, 360 pps, and 1.5 msec. pulse

width (Walter Reed Army Institute of Research)

Pacemaker Effects mw./cm. 2 (v./m.)

Medtronic No apparent change in rate 0-1.7 110)

5842 Fixed rate >1.7 {110)
Medtrenic No apparent change in rate 0-2.0 (120)

5842 Cutoff {inhibition) 2.0 (127) - 12.0 (290)
General

Electric No apparent chenge in rate C - 18.9 (350)

A2072D

Opti(:::'ll No apparent change in rate 0 - 8.0 (240)

281013 Fixed rate 8.0 (240) - 17.0 (340)
Cordis . -

Atricor No apparent change in rate 0 -18.0 (250)

12




TABLE X

Effects on pacemakers tested at 3050 MHz ~360 V./m., and 1.5 msec. pulse
width (Walter Reed Army Institute of Research)*

Pacemaker Effects prf {in pps)
Medtronic Fixed rate 360 - 36

5842 Cutoff (inhibition) 36 - 20
Medtronic No appurent change in rate 360 - 40

56842 Cutoff (inhibition) 40 - 20 (296 V./m.)
General

Electric NG 2pparent change in rate 360 - 20

A2072D
American . . =

Optical No apparent change in rate 360 - 35

241013 Cutoff (inhikition) 35-20 (370 V./m.)
Cordis .

Stanicor No apparent chang= in rate 360 - 20
Cordis Steady rate between 50 and 360 - 20

Atricor 120 bpmt

* Transmitter prf was gracually decreased from 360 - 20 pps while E-field
was maintained at a high level (+360 V./m.) throughout this test.

t Pacemaker rate gradually increased from 60 - 100 bpm.

13
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TABLE XI

Effects on pacemakers tested at 3050 MHz, 120 pps, and 5 msec. pulse width
(Walter Reed Army Institute of Research)

mv./cmz V./m.}

Pacemaker Effects
Medtronic Noc apparent change in rate 0-0.1 (25
5842 Fixed rate 0.1 (25) - 20 (350}
General
Electric No apparent change in rate 0-16 (320)
A2072D
American
) Stead te betw
Optical f 230 2;:'* een 50 and 0 - 20 (3350)
281013
Cordis Steady rate between 50 and
- {3
Stanicor 120 bpmt 0 - 19 {340}
Cordis )
Atricor No apparent change in rate 0 - 19 (340)

* Pacemaker rate gradually increased from 54 - 72 bpm.

1 pacemaker rate gradually increased from 68 - 75 bpm.




TABLE XIT

Effects on pacemakers tested at 3050 MHz, 120 pps, and+360 ¥V./m.
(Waltes Reed Army Institute of Research)*

Pacemaker Efiects Pulse wicth
Mectonic ) N
$842 Fixed rate
General
Electric No agparent change in rate
A2072D
American
Optical Steady rate between 50 and * 5 msec. - 3 nusec.
281013 120 bomt
Caxdis Steady rate between 50 and
Stanicor 120 bpm#
Cordis Steady rate between 50 and
Athcor 120 bpm ¥ /

* Transmitter pulse width was gradually decreased from $ msec. tc 3 jtsec.
while maintairing a large E-field (%360 V./m.) throughocut this test.
- t Pacemaker rate gradually decreased from 72 - 54 bpm.
% Pacemaker rate gradually decreased from 75 - 68 bpm.

§ Pacemaker rate gradually increased from 60 - 100 bpm
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